Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality and morbidity in low-and middle-income countries (LMICs) including Bangladesh. But no systematic review has been carried out in Bangladesh, which portraits the burden of COPD and its risk factors. Therefore, this systematic review was conducted to find out the prevalence and risk factors of COPD in Bangladesh. We searched PubMed, Google Scholar, Popline, and Banglajol from January 1, 1972 to April 30, 2017. We included studies that reported the prevalence and/or risk factors of COPD among Bangladeshi people. Two researchers independently searched and screened all the articles and extracted data from nine eligible studies. The whole process was verified by another researcher. Quality assessment was performed using a checklist adopted from published articles on quality assessment guidelines of observational studies. Discrepancies were resolved by consensus. Data analysis was done thematically. The pooled COPD prevalence among Bangladeshi adult was 12.5% (95% CI, 10.9-14.1) using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria and 11.9% (95% CI, 11.4-13.6) using the lower limit of the normality (LLN) criteria. The prevalence was higher among males, low socio-economic group, rural residents, and biomass fuel users. Tobacco consumption, exposure to biomass fuel, old age, and history of asthma were identified as major risk factors of COPD. COPD prevalence is high in Bangladesh. It is a timely need for the policy-makers and public health professionals to take pertinent steps for prevention and control of COPD in Bangladesh.
Introduction And Background
Chronic obstructive pulmonary disease (COPD) is defined by the American Thoracic Society (ATS) as a progressive and partially reversible disease of respiratory tract featured by the limitation of airflow that takes place as a result of chronic bronchitis or emphysema [1] . There are several established risk factors of COPD, of which smoking is the strongest one [2] . Indoor air pollution, occupational exposures to coal dust, silica and asbestos, low birth weight, and recurrent infections are also considered as risk factors of COPD [3] .
COPD is a global public health concern of the 21st century. In 2005, worldwide, 5% deaths were attributable to COPD [4] . According to the Global Burden of Disease 2015, the mortality rate due to COPD increased almost by 11% from 1990 to 2015. During the same time period, the prevalence of the disease also increased by 44% [5] . If this current rate continues, COPD will be the third leading cause of global death by 2030 [6] . Remarkably, almost all (90%) of the deaths caused by COPD occurred in low and middle-income countries (LMICs) [7] . Bangladesh, like other LMICs, is facing epidemiological transition with an increasing burden of noncommunicable diseases (NCDs) like COPD [8] [9] .
In Bangladesh, a number of studies have been conducted focusing on two major NCDs, namely diabetes and hypertension [10] [11] [12] . But limited data are available on COPD. Since 2000, several studies have been conducted in Bangladesh to identify the burden and risk factors of COPD. However, these studies differ significantly in terms of methodology (hospital-based and population-based study), sample size, and area of the study (urban/rural). Furthermore, different criteria were used to measure the COPD status in these studies. However, no systematic review has been carried out in Bangladesh to provide a clear scenario of COPD burden and risk factors in this country. Therefore, we carried out this systematic review with the aim to find out the prevalence of COPD and its associated risk factors among the Bangladeshi population. This evidence will help policy-makers to develop suitable policies and the public health professionals to design and implement interventions for prevention and control of COPD.
Review Materials and methods

Search Strategy
We systematically searched international (PubMed, Google Scholar, Popline) as well as national (Banglajol) databases to identify all potential publications on COPD in Bangladesh. We used both medical sub-headings and plain text for the following keywords: "epidemiology", "prevalence", "burden", "risk factors", "etiology", "causality", "aetiology", "chronic obstructive pulmonary disease", "COPD", "pulmonary emphysema", "emphysema", "chronic bronchitis", "bronchitis", "obstructive lung disease", "Bangladesh". Using these keywords along with a Boolean operator, we prepared the global search term to identify the relevant publications. The team also manually searched the bibliography of initially selected articles (snowballing) to identify more studies related to COPD. We used 'Preferred Reporting Items for Systematic Review and Meta-Analysis' (PRISMA) guideline for reporting this systematic review [13] .
Inclusion and Exclusion Criteria
This systematic review included published articles based on the following criteria: a) study reported data from Bangladesh; b) study published between 1st January 1972 (Bangladesh became a sovereign country on December 16, 1971 ) and 30th April 2017; c) study reported prevalence of COPD or emphysema or chronic bronchitis or obstructive lung disease; d) study reported single or multiple risk factors of COPD or emphysema or chronic bronchitis or obstructive lung disease; e) quantitative study; f) study published in the English language. However, studies were excluded based on the following criteria: a) study did not report data from Bangladesh; b) study published in other languages than English; c) qualitative study; and d) conference proceedings, book chapters, and editorials. At first, two researchers searched and screened all the articles individually. Another researcher critically reviewed the overall search and screening process to ensure the consistency. Finally, the full text of selected publications was assessed for eligibility by all three researchers. During the initial screening, it was not clear whether studies that focused on COPD or other respiratory diseases were included. However, while assessing the full text of these articles, any study that did not focus on COPD or obstructive lung disease was excluded. Any discrepancies during this process were resolved by group consensus.
Quality Appraisal
Three researchers independently determined the risk of bias of included studies. This study used a quality assessment checklist to assess the quality of the included studies. This checklist was prepared based on the criteria described in 'Strengthening the Reporting of Observational studies in Epidemiology (STROBE)' and other published methodological studies [14] [15] [16] . The criteria were:
1. Whether the study objective was clearly defined?
2. Whether the sampling technique was random or non-random?
3. Whether adequate sample size was used based on sample size calculation? 4. Whether COPD was measured objectively? 5. Whether COPD was measured based on any international criteria?
If the study objective was clearly defined, we scored it as "1", otherwise "0". If the included study used random sampling, we scored it as "1"; however, if the included study used nonrandom sampling or sampling technique was not clearly mentioned, we scored it as "0". If the sample size calculation was clearly described and required sample was obtained or, if at least 384 samples were obtained, we scored it as "1", otherwise "0". If the researchers measured COPD objectively (using spirometry), we scored it as "1", but, if they measured COPD subjectively (self-reported or symptom-based) or did not clearly mention how COPD was diagnosed, we scored it as "0". If they measured COPD based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria, we scored it as "2"; if they used any other international criteria, we scored it as "1"; and if it did not mention any criteria, we scored it as "0". Later, the number for each study was added to obtain the final score. The maximum score was 6. If any study gets 6, we considered it as "high quality" study, scores 4 and 5 indicate "moderate quality", and the lowest scores 0, 1, 2, and 3 indicate that the study was of "poor quality". All the discrepancies that arose during the quality assessment process were solved by the group consensus.
Data Extraction
A data extraction form was created in excel to conduct this review. This form included (a) title, (b) journal name, (c) name of authors, (d) publication year, (e) year of data collection, (f) study objective, (g) study setting (urban/rural), (h) study design, (i) sampling strategy (random/nonrandom), (j) sample size, (k) study population, (l) outcome assessment (objective/subjective), (m), diagnostic criteria for COPD, (n) prevalence (overall), (o) prevalence (gender, age, location specific), (p) risk factors, (q) authors' conclusion, and (r) researchers' observation. Two researchers independently extracted data using the data extraction form. Another researcher cross-checked and critically reviewed both the files extracted by the individual researcher. Any forms of dispute arose during the data extraction process were resolved by the group consensus. Data analysis was done thematically.
Search Result
Initially, 1,639 articles were identified through a database search. Following duplicate removal, title and abstract screening, 24 articles remained for full-text assessment. The full text of these 24 studies was critically reviewed, of which nine studies met the eligibility criteria. Therefore, finally, nine studies were included in this systematic review. The overall process was done using the PRISMA flow diagram ( Figure 1 ).
FIGURE 1: Flowchart showing steps of selecting articles
Study Criteria
All of the nine eligible studies were published in 2013 and onwards. Five of these studies were published in international, peer-reviewed journals [17] [18] [19] [20] [21] and three were published in national journals [22] [23] [24] . Of these studies, three included respondents from both urban and rural areas [17] [18] [19] . However, four studies were conducted among the urban population [20] [21] [24] [25] and two studies involved participants only from rural settings [22] [23] . Seven studies adopted a cross-sectional study design to identify the prevalence and risk factors of COPD [17, [19] [20] [21] [22] [23] [24] . One study performed secondary data analysis of population-based studies in 10 LMICs including Bangladesh [18] . The sample size of the included studies ranged between 108 and 3744 individuals. Six out of all nine studies collected data from both men and women [17] [18] 20, [23] [24] [25] . The minimum age requirement was 40 years for three studies [17] [18] 22 ], 15 years for two studies [19, 25] , and 35 years for the remaining one study [24] . However, the maximum age limit was specified in only one study that was 65 years [25] . COPD alone was the outcome variable in five of these studies [17] [18] 20, 22, 24] , whereas rest of the studies focused on other diseases (asthma, restrictive and combined pulmonary disease, and NCDs) and symptoms along with COPD [19, 21, 23, 25] .
Quality of the Included Studies
Among the nine studies included in our systematic review, two were of high quality [17, 24] , four were of moderate quality [18] [19] [21] [22] , and the remaining three were of low quality [20, 23, 25] based on the preselected criteria described in 'Quality appraisal' section. Detail of study quality is illustrated in Table 1 . Closer inspection of the Table 1 shows, six out of nine studies clearly defined study objectives [17] [18] [19] [21] [22] 24] and five studies used random sampling technique [17] [18] [21] [22] 24] . Only one study described sample size calculation and their sample size was 98 although they finally collected data from 108 randomly selected study participants [21] . Five studies, however, did not explain sample size calculation, but their sample size was decent (583 to 3744) [17] [18] 20, [23] [24] . One study, however, included participants from all the households of a randomly selected study site; therefore, describing the sampling technique and sample size calculation was not obligatory for them [19] . For the diagnosis of COPD, two studies used the GOLD criteria [17, 22, 24] , while three studies used internationally standard criteria other than GOLD [17] [18] [19] 21] . According to the GOLD criteria, FEV1/FVC <70% during post-bronchodilator spirometry is considered as the presence of COPD [26] . Outcome assessment (COPD) was objective in five studies [17] [18] [21] [22] 24 
Prevalence of COPD
To describe the prevalence of COPD, we considered data merely from high-and moderatequality studies [17] [18] [19] [21] [22] 24] . According to high-quality studies [17, 24] that used the GOLD criteria, the pooled COPD prevalence among Bangladeshi adults was 12.5% (95% CI, 10.9-14.1) ranging between 11.4% (95% CI, 9.3-13.5), which was found among participants aged 35 years or more, and 13.5% (95% CI, 12.4-14.6), which was reported among participants aged 40 years or above ( Table 2) . However, using the lower limit of the normality (LLN) criteria, pooled COPD prevalence was 11.9% (95% CI, 11.4-13.6) ranging from 10.0% (95% CI, 8.6-11.4) in urban Dhaka to 15.4% (95% CI, 14.2-15.8) in rural Matlab [17] [18] . Two moderate-quality studies were carried out on two specific groups of population: (a) women of rural Chittagong exposed to fuel smoke [22] and (b) helpers of human haulers of Dhaka city [21] . Remarkably, the prevalence of COPD was found much higher in these two groups of people (women exposed to fuel smoke: 20.4%; helpers of human haulers: 41.7%) [21] [22] . According to the high-quality studies, the prevalence of COPD was greater among males and ranged from 11.7% to 22.0% compared to females (range: 6.4% to 10.6%) [17, 24] . These two studies also reported that COPD was more prevalent among the low socio-economic groups (13.6% to 16.3%) than the high socio-economic groups (9.8% to 11.1%) [17, 24] . Interestingly, Islam et al. 2013 found that the mean age of COPD patients was higher than that of the non-COPD patients (COPD: 57 years; non-COPD: 44 years) [24] . The pooled prevalence of COPD among people in the 40-49 years age group was 7.5% (range: 5.2% to 9.8%). On the other hand, this prevalence was 21.5% (range: 13.6% to 29.4%) among 50-59 years age group and 39.3% (27.5% to 51.0%) among people of 60-69 years age group [17, 22] . A high-quality study conducted by Alam et al. (2015) reported that COPD was more prevalent among rural people (17.0%) than their urban counterparts (9.9%) [17] . The prevalence of COPD was also higher among biomass fuel users and ranged from 16.4% to 17.3% compared to clean fuel (e.g. LP gas or natural gas) users (range: 4.4% to 10.0%) [22, 24] . Based on peak expiratory flow rate (PEFR)%, severe bronchial obstruction was also found higher among biomass fuel users (55.4 %) than gas users (29.1%) [17, 19] .
Risk Factors
For this review, we considered only high-and moderate-quality studies to identify the risk factors [17] [18] [19] [21] [22] . It should be noted here that one moderate-quality study was not considered here because it was a multicounty study and risk factors of COPD were not separately identified for Bangladesh [24] . All of these studies were conducted using crosssectional design; however, the characteristics of study participants were distinctive. Data was analyzed following different statistical methods to identify risk factors like bivariate analysis (Pearson chi-square test and t-test), binary logistic regression [21] , multivariate logistic regression [19, 22, 24] , and conditional logistic regression [17] . However, only two studies adjusted potential confounders during analysis [17, 19] ( Table 2) .
Tobacco Consumption
Tobacco consumption, in the form of smoking or chewing, was found associated with an increased prevalence of COPD in four studies [17, [21] [22] 24] . One high-quality study reported that both current smokers (OR: 5.5; 95% CI, 4.2-7.2; p < 0.001) and former smokers (OR: 4.5; 95% CI, 3.3-6.0; p < 0.001) were at a higher risk to experience COPD after adjusting potential confounders [17] . found that rural women (>40 years old) having tobacco chewing habit were 13 times more likely to suffer from COPD (OR: 12.9; 95% CI, 3.4-49.4; p < 0.001) [22] .
Biomass Fuel Use
A significant association was reported with the development of COPD and the use of biomass fuel for cooking purpose in three studies [17, 19, 22] . Two moderate-quality studies found that biomass fuel use was positively associated with a higher prevalence of COPD among rural women [19, 22] . A high-quality study that collected data from nearly 4,000 urban and rural participants also found that biomass fuel users were six times more likely to have COPD compared to clean fuel users (OR: 5.9; 95% CI, 1.0-34.5; p = 0.047) [17] .
Old Age
Old age was reported as a risk factor for COPD by two studies [17, 24] . Alam et al. (2015) observed that 50-59 years-aged people and 60-69 years-aged people were two times and five times more likely to develop COPD, respectively, compared to 40-49 years-aged people (50 to 59 years, OR: 2.2, 95% CI, 1.6-3.0; p < 0.001; 60 to 69 years, OR: 4.7, 95% CI, 3.5-6.4; p < 0.001) [17] .
History of Asthma
A high-quality study reported that individuals with a history of asthma had seven times higher probability of developing COPD, even after adjusting for smoking history and other potential confounders (OR: 6.9; 95% CI, 4.9-9.5; p < 0.001) [17] .
Others
Male gender, low socio-economic status, low body mass index (BMI), and long-time exposure to the hazardous environment as a result of longer employment history (helpers of human haulers) were also identified as risk factors of COPD in some studies; however, evidence of statistical significance was not clearly reported for these factors.
Discussion
To the best of our knowledge, this is the first systematic review that reported the prevalence and risk factors of COPD in Bangladesh. Although several prevalence studies have been conducted on COPD in Bangladesh, there is a scarcity of large-scale studies like nationwide COPD survey. This systematic review reported that the overall prevalence of COPD among Bangladeshi adults was 12.5% using the GOLD criteria. This finding is in accordance with the finding of a recent systematic review on the global and regional prevalence of COPD where it was reported that globally 11.7% individuals are currently suffering from COPD [7] . However, our data showed a higher prevalence of COPD in comparison to that in South East Asia (9.7%) [7] . One potential reason for this discrepancy might be studies included in the global and regional prevalence of COPD study were published between January 1990 and December 2014 [7] ; however, studies included in our systematic review were published in or after 2013. COPD has the potential to impose a substantial burden on the health system of Bangladesh because of its high burden attributable to the exposure of its inhabitants to a wide range of behavioral (smoking) and environmental (air pollution) risk factors [27] [28] . COPD is one of the leading but under-reported causes of mortality and morbidity in all over the world [29] . In Bangladesh, government and non-government organizations have been designing and implementing public health programs to combat NCDs such as diabetes and cardiovascular diseases, however, no such public health program is prevailing directed to COPD [30] . Public hospitals are not equipped enough to manage complicated cases of COPD [31] . Therefore, this is a timely need for policy-makers and public health professionals of Bangladesh to prioritize COPD. Nationwide survey is also warranted to identify the actual burden of COPD among diverse groups of populations across different geographical areas in Bangladesh in order to set effective and target specific public health intervention for prevention and control of this disease.
We were not able to find any study that could provide strong evidence on risk factors of COPD using longitudinal study design (cohort or case-control) or nationally representative sample. This result brings attention to the lack of availability of good-quality NCD-related data in developing countries as stated in a previous study [32] . Along with the scarcity of data, low quality of the existing literature accompanied by the inconsistency in the study site, study population, and statistical analysis impeded the comprehensive assessments of published articles in order to draw persuasive conclusions regarding risk factors of COPD in Bangladesh.
However, it was revealed from the existing literature that there is a strong association between tobacco use and COPD. Tobacco consumption, especially smoking, is established as one of the most important risk factors of COPD in all over the world [33] . Studies indicated that nearly half of the individuals with smoking habit develop COPD at any stage of their lives [34] . It is quite alarming that, in Bangladesh, 46.5% urban people and 55.5% rural people consume tobacco either by smoking or in a smokeless form [35] . It should be noted here that Bangladesh is a party of the WHO Framework Convention on Tobacco Control (FCTC) and developed several strong anti-tobacco policies and laws in last decade (e.g. prohibition of smoking at public place; restriction on tobacco advertising, promotion and sponsorship; obligation to cover at least 50% of major display area of tobacco products with visual presentation of adverse health impact of tobacco consumption) [36] [37] . However, this high prevalence of tobacco consumption in Bangladesh indicates that there is a gap in law reinforcement and implementation of tobacco control programs. Therefore, further research is required to identify the facilitators and implementation challenges of tobacco control programs and laws in order to execute these programs in a more successful manner. Raising awareness about health impact of tobacco consumption using mass media and national education system can also be an effective approach to address this issue.
Our study identified biomass fuel use as a risk factor for developing COPD specifically among rural women. This finding is consistent with the result of other studies, which reported that biomass smoke exposure significantly increases the risk of developing COPD, especially in women [33, 38] . A recent systematic review and meta-analysis stated that biomass fuel exposure is associated with COPD in different parts of the world [39] . A recent retrospective cohort study in Bangladesh also found that mortality and morbidity from lung diseases like COPD and chronic bronchitis are higher among biomass fuel users in comparison to that found among clean fuel users [40] . Biomass is presented in different forms, e.g. dried leaves, crop residues, shell, and coir of coconut, wood, sawdust, animal dung, coal, and used as a fuel for cooking and heating nearly by one-third of the global population [41] . Biomass is also the most commonly used cooking fuel in Bangladesh [42] . A recent study in China has shown that 50% reduction of solid-fuel use has the potential to reduce annual COPD death by 12.0% (4.3 million) for women [43] . Hence, to reduce biomass use-related COPD burden, clean fuel supply needs to be ensured at rural households in Bangladesh. Commencing newer technology like improved cooking stoves (to reduce indoor air pollution by increasing the efficiency of solid fuel) [44] or clean energy technology (to convert solid fuel directly into electrical work without combustion) [45] can also be an alternative in this regard. It might be challenging to introduce newer technology or guarantee the cost-effective and continuous supply of clean fuels in resource-poor settings of rural Bangladesh. Policy makers and implementers, therefore, can consider the experience of developing countries like India, Ghana, and Ethiopia [46] [47] , where these technologies have already been implemented.
Older age was identified as an important risk factor for developing COPD by some of the studies. It is well established that COPD prevalence, mortality, and morbidity increase with age [33] . Like other developing nations, Bangladesh is going through demographic transition triggering the figure of older population at the national level [48] . In 2010, 6.8% of the total country population was in the older age group (60 years and above). This group of people is estimated to comprise nearly one-tenth (11.7%) and one-fourth (22.3%) of the country population by the year 2020 and 2050, respectively [49] . As a result, a huge number of individuals will be at risk of suffering from different chronic diseases like COPD in the future. In the context of Bangladesh, elderly people are greatly dependent on others for their basic needs like food, shelter and health care [50] . Therefore, it is necessary for the pertinent stakeholders to develop appropriate policies and programmes in order to provide quality health care for elderly people suffering from COPD by ensuring financial solvency (by increasing work opportunity, providing old age allowance and retirement benefits); promoting social security and supporting health system preparedness considering the fact that good health of senior citizens of a country has the potential to contribute to the country's economic growth by sharing their skill and experience.
